Short chain (C2-C,) fatty acids are produced in the colon through bacterial fermentation of mainly dietary fibre. Butyrate (C4) possesses antineoplastic effects on human colon carcinoma cells, and epidemiological studies indicate that high fibre diets may reduce the incidence of colorectal cancer. The role of dietary fibre during colorectal carcinogenesis might therefore be related to its fermentation to butyrate. Faecal concentrations of total short chain fatty acids and concentrations and ratios of the individual C,-C6 fatty acids did not differ between 16 healthy controls, 17 patients with colonic adenomas, and 17 patients with colonic cancer. Comparison of the molar production velocities (mmol/l.hour) of total and individual short chain fatty acids from glucose, ispagula, wheat bran, and albumin in six and 24 hour faecal incubations showed no differences. The ratio of butyrate production to total short chain fatty acid production from fibre, however, was reduced in patients with colonic cancer and adenomas compared with healthy controls (ispagula, six hours: 6f4, 7f6, and
Epidemiological studies have indicated that environmental factors influence the incidence of colorectal cancer, and diet seems to be the most important of these.' Among North Americans and Western Europeans, the disease is more frequent than in residents of Asia, South America, and rural Africa,2`8 and migrants from areas of high incidence to those of low incidence generally attain rates of colonic cancer similar to those of their new environment. 9 The critical difference between these groups seems to be the characteristic western diet, which is high in beef, fat, and protein and low in Thus, butyrate is seen as promoting growth and proliferation of normal colonic mucosa, while suppressing cancer cells. These observations are interesting because when fibre is fermented by the colonic flora, butyrate is a major metabolite. " The protective effect of dietary fibre on colonic neoplasia might therefore be related to the colonic production of SCFAs, and especially the production of butyrate.
Since the adenoma-carcinoma sequence is accepted as the natural developmental pathway for most cases of colorectal cancer,'4 we found it of interest to characterise possible differences in concentration, proportion, and fermentative production of SCFAs in faeces from patients with former colonic adenomatous polyps or cancer versus those from healthy controls. The results presented in this report show that the fermentation of dietary fibre to butyrate in proportion to total SCFA production is reduced in faecal incubations from patients with colonic cancer or adenomas.
Methods

SUBJECTS
Sixteen healthy control subjects with no history of gastrointestinal disease (seven men and nine women) aged 30- (Table I) . Moreover, the ratios (% of total concentrations) of the individual SCFAs in faeces from patients with colonic adenomas or cancer were identical to proportions seen in faeces from normal subjects (Table I ). No differences in faecal pH were found between the three groups investigated (Table I) . (1-6) 6 9( 1 1 24 hours, butyrate ratios were reduced in faecal incubations from both patients with adenomas (p<OOl) and cancer (p<OOl) compared with control subjects (Table III) . Addition of glucose to incubations primarily increased the ratios of acetate at the expense of the C4-C6 SCFAs, but significant differences in the relative production rates of individual SCFAs between the three groups were not registered (Table III) . The in vitro fermentation of the fibre substrates ispagula husk and wheat bran showed a significantly reduced relative production of butyrate in patients with both colonic adenomas and colonic cancer compared with healthy control subjects (Table III) (23) -1) 25 6(2 9) 6-4 (0-8) (2-7) 210 (13) 147 (19) 4-2 (1-2) 52-3 (16) LSD: least significant difference compared with controls. NS: p>005.
EFFECT OF COLONIC SURGERY ON CONCENTRATIONS AND RATIOS OF FAECAL SHORT CHAIN FATTY ACIDS
The effects of colonic surgery on concentrations and ratios of faecal SCFAs is evaluated in Table  IV by comparing healthy unoperated control subjects (16) and patients with cancer treated by segmental sigmoid resection (7) and right-sided (7) or left-sided (3) hemicolectomy. There was a tendency to higher faecal concentrations of SCFAs in the patients who had undergone colonic surgery, but only the left-sided hemicolectomised patients differed significantly from control subjects (p<005). Faecal pH was significantly lower in patients who had undergone left-sided hemicolectomy compared with control subjects or patients who had undergone other types of surgery (p<005; who found a higher pH in faeces from patients with colorectal cancer than in healthy subjects, and with those of Macdonald et al,2 who found that subjects with colorectal cancer had a significantly higher pH than Seventh Day Adventists, a population at low risk for the development of large bowel cancer. The patients with colonic cancer in this study, however, unlike those in the above mentioned studies, were examined after colonic resection had been performed, which may reduce faecal pH (Table IV) A former study32 investigated SCFA distributions in enema samples from a sigmoidoscopy population and found a significantly higher ratio of acetate and a lower ratio of butyrate in patients with adenomatous polyps. We also found the faecal ratio of butyrate reduced (9 1%) in the patients with adenomas compared with normal subjects (12-0%). Although this was significant (p<005) when an ordinary t test was used, it was not significant when the least significant difference test or one way analysis of variance were applied to the data. Moreover, the butyrate ratio in the cancer group (11-6%) was close to the control value.
The present experiments used an incubation system as an in vitro model of colonic bacterial metabolism. This system has been applied to a number of different biochemical events in the intestine and it has earlier been shown that the numbers ofthe main groups of colonic organisms remain unchanged during an incubation time of up to 48 hours. 25 In this faecal incubation assay, the 'endogenous' (assay with no additions) production ratio of butyrate was significantly reduced in patients with colonic adenomas and cancer in contrast to all other specific SCFA production ratios. Furthermore, the relative production of butyrate from the fibre ispagula and wheat bran remained reduced in the same groups of patients when fermentation was increased by the external addition of these polysaccharides to incubations. This effect on butyrate formation was not restricted to fibre fermentation but was also seen in 24 hour incubations with albumin (Table III) .
Previous work'"2' has shown that exposure to butyrate induces alteration of several growth properties and morphological and biochemical changes consistent with a more differentiated state on a number of cultured human colon cancer cell lines. The changes include increased doubling times,'3 17-21 altered colony forming abilities in soft agar,"37 1921 changes in morphology,"3 118-21 increased activities of certain membrane bound enzymes,'31 [18] [19] [20] increased expression of carcinoembryonic antigen,13-5 17 and modification of other oncogene markers. 8 It might therefore be postulated that a major role of dietary fibre is to raise colonic butyrate concentrations, thus increasing the differentiation pressure in colonic enterocytes. This theory has some indirect support from recent findings that butyrate concentrations are lower in the sigmoid and descending colon,'"33 the region where the incidence of colonic polyps and cancers is highest.
In this study, the significantly reduced capacity of stool bacteria from patients with colonic adenomas and cancers to produce butyrate suggests that butyrate may be important in the genesis of colonic neoplasia in vivo, and, hypothetically, subjects characterised by a colonic flora with a relatively low butyrate formation may have an increased risk of developing colonic adenomas and cancer. If so, this risk might be overcome by a diet rich in carbohydrates, which are malabsorbed by the colon and readily fermented to butyrate. 
